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The s r o b l e m ,  i n  t h e  p a s t ,  r e s e a r c h  on t h e  s e q u e l l a e  o f  t h y r o p a t h o l o g y  h a s  
u t i l i z e d  a v a r i e ~ y  o f  a n i m a l  m o d e l s .  R e c e n t l y ,  v a s c u l a r  smoo th  m u s c l e  h a s  
i n c r e a s i n g l y  b e e n  u s e d  a s  a n  e f f e c t i v e  b i o a s s a y  t o  a s s e s s  p h y s i o l o g i c a l  f u n c t i o n  o f  
ho rmones  a n d  l i g a n d s .  W h i l e  g e n e r a l  e f f e c t s  o f  t h y r o i d  s t a t u s  are w e l l  d o c u m e n t e d ,  
s p e c i f i c  t h y r o p a t h o l o g i c - i n d u c e d  c h a n g e s  i n  5 - h y d r o x y t r y p t a m i n e  ( s e r o t o n e r g i c ; 5 - B T )  
r e c e p t o r  f u n c t i o n  m e d i a t i n g  c o n t r a c t i o n / d i l a t i o n  i n  r a t  a o r t a  h a v e  n o t  b e e n  c o m p l e t e l y  
c h a r a c t e r i z e d .  
P r o c e d u r e .  A o r t i c  r i n g s  f r o m  h y p e r t h y r o i d  (TRX) , h y p o t h y r o i d  (PTU) , a n d  
e u t h y r o i d  c o n t r o l  (CON) r a t s  w e r e  moun ted  i n  c l i m a t e  c o n t r o l l e d  t i s s u e  b a t h s  a n d  
s u b j e c t e d  t o  i s o m e t r i c  c o n t r a c t i o n  e x p e r i m e n t s .  The e n d o t h e l i u m  was r emoved  f r o m  some 
i n g s  (denuded1  w h i l e  o t h e r s  were l e f t  i n t a c t .  A l l  r i n g s  were i n i t i a l l y  c o n t r a c t e d  
i t h  a  s i n g l e  d o s e  o f  5 5  mM KCl a n d  t h e n  r e l a x e d  t o  n o r m a l  p o t a s s i u m  w h i l e  
o n c a m i t a n t l y  m e a s u r i n g  t h e  t i m e  c o u r s e  o f  t h i s  r e l a x a t i o n ,  A l l  r i n g s  w e r e  
u b s s q u e n t l y  s u b j e c t e d  t o  d o s e / r e s p o n s e  e x p e r i m e n t s  w i t h  5-HT, e i t h e r  i n  t h e  p r e s e n c e  
r a b s e n c e  o f  k e t a n s e r i n t 5 - H T 2  a n t a g o n i s t )  a n d  I C S  205-930(5-UT3 a n t a g o n i s t ) .  
Flndinas. 5-HT g e n e r a t e d  a n o n s i g n i f i c a n t  t r e n d  t o w a r d  i n c r e a s e d  c o n t r a c t i l e  
n s i o n  i n  TRX r a t s ,  b u t  a  s i g n i f i c a n t  r e d u c t i o n  i n  c o n t r a c t i l e  t e n s i o n  i n  r i n g s  f r o m  
U r a t s .  T h e s e  d i f f e r e n c e s  were e l i m i n a t e d  i n  t h e  d e n u d e d  p r e p a r a t i o n s  w i t h  PTU and  
n t r o l  t e n s i o n s  i n c r e a s i n g  b a c k  t o  TRX l e v e l s .  T h e r e  w e r e  n o  d i f f e r e n c e s  I n  
e n s i t i v i t y  t o  5-HT i n  t h e  i n t a c t  p r e p a r a t i o n s  I n  t h e  t h r e e  t h y r o i d  g r o u p s ,  b u t  a n  
r e a s e d  s e n s i t i v i t y  was o b s e r v e d  i n  t h e  TRX d e n u d e d  p r e p a r a t l o n .  K e t a n s e r i n  was 
nd  t o  c o m p l e t e l y  a n t a g o n i z e  t h e  5-HT2 r e c e p t o r - m e d i a t e d  c o n t r a c t i o n .  H igh  
c e n t r a t i o n s  o f  5-HT i n  t h e  p r e s e n c e  of h i g h  c o n c e n t r a t i o n s  o f  ICS 205-430, 
e r a t e d  a  significantly a t t e n u a t e d  c o n t r a c t ~ l e  t e n s i o n  i n  r i n g s  f r o m  TRX r a t s .  
Gonclusions. The e l i m i n a t i o n  o f  a s i g n i f i c a n t  d i f f e r e n c e  i n  t h e  PTU a n d  CON 
a t m e n t  g r o u p s  i n  t h e  d e n u d e d  t i s s u e  as compared  t o  t h e  i n t a c t  t s s s u e ,  s u g g e s t s  a n  
a n c e d  5-HT-mediated r e l e a s e  o f  e n d o t h e l i a l  d e r i v e d  r e l a x i n g  Eac to r lEDRP)  i n  PTD 
s a n d  r e d u c e d  r e l e a s e  I n  TRX rats.  An i n c r e a s e  i n  s e n s i t i v i t y  i n  t h e  d e n u d e d  
s u e s ,  b u t  n o t  i n  t h e  i n t a c t  t i s s u e s ,  s u g g e s t s  a n  e n h a n c e d  r e s p o n s i v e n e s s  o f  a  5-HT 
c e p t o r  s u b t y p e  s u b s e r v i n g  c o n t r a c t i o n .  The s i g ~ f f i c a n t  e f f e c t  o f  m i c r o m o l a r  
n c e n t r a t i o n s  o f  I C S  205-930 s u g g e s t s  t h a t  a n  i n c r e a s e d  c o n t r a c t i l e  r e s p o n s e  Ln t h e  
X g r o u p ,  i n  l i g h t  o f  t h e  a p p a r e n t  l a c k  o f  5-HT3 sites i n  t h i s  t i s s u e ,  may b e  
iated,  i n  p a r t ,  b y  a n o v e l  s e r o t o n e r g i c  r e c e p t o r  m e d i a t i n g  c o n t r a c t i o n .  
e r n a t i v e l y ,  t h i s  e f f e c t  may r e f l e c t  a c t i v i t y  o f  t h e  l i g a n d  a t  5-HT1 o r  5-RT2 
e p t o r s  d i f f e r e n t i a l l y  s e n s i t i z e d  by  t h y r o p a t h o l o g y .  T h e s e  d a t a  s u g g e s t  t h a t  
r o p a t h o L o g i c a 1  a l t e r a t i o n s  i n  5-AT r e c e p t o r  s u b t y p e - m e d i a t e d  r e s p o n s e s  o c c u r  i n  b a t  
o r a c i c  a o r t a .  
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V a s c u l a r  smooth muscle,  s u b s e r v i n g  v a s o d i l a t i o n  o r  
v a s o c o n s t r i c t i o n ,  p l a y s  a v i t a l  r o l e  i n  h o m e o s t a s i s .  The 
h o m e o s t a s i s  o f  t h e  a o r t a  i s  modulated by a  number o f  complex 
i n t e r a c t i n g  f a c t o r s .  Hormonal and autonomic s i g n a l s ,  
v a s o a c t i v e  c e l l u l a r  a n d  n e u r a l  s u b s t a n c e s  released i n t o  t h e  
serum, and  e v e n t s  a t  t h e  c e l l u l a r  l e v e l  r e g u l a t e  t h e  o v e r a l l  
t e n s i o n  o f  t h e  t h o r a c i c  a o r t a .  C l e a r l y ,  an  imbalance  i n  t h e  
main tenance  o f  t h e  t e n s i o n  i n  t h e  a o r t a  c o u l d  r e s u l t  i n  
s e v e r e  p a t h o p h y s i o l o g i c a l  consequences.  
I n  t h e  t h y r o p a t h o l o g i c a l  s t a t e ,  d e l i c a t e  hormonal 
feedback mechanisms are d i s t u r b e d .  An e x c e s s  o f  t h y r o x i n e  
( T 4 ) ,  i s  r e s p o n s i b l e  f o r  t a c h y c a r d i a ,  i n c r e a s e d  c a r d i a c  
o u t p u t ,  i n c r e a s e d  g lycogen  and l i p i d  m o b i l i z a t i o n ,  enhanced 
the rmogenes i s ,  t r e m o r ,  h y p e r k i n e t i c  b e h a v i o r  and  
s w e a t i n g  ( H a r r i s o n  1964, Walds te in  1966, B i l e z i k i a n  and  Loeb 
1 9 8 3 ) .  I t  h a s  l o n g  been  known t h a t  many o f  t h e s e  c l i n i c a l  
f e a t u r e s  r e semble  the  e f f e c t s  o f  i n c r e a s e d  s y m p a t h e t i c  
a c t i v i t y  ( C o v i l l e  and  T e l f o r d  1 9 7 0 ) .  P r e v i o u s  s t u d i e s  have 
a t t e m p t e d  t o  e l u c i d a t e  s u c h  t h y r o i d - s y m p a t h e t i c - a d r e n a l  
medu l l a ry  i n t e r r e l a t i o n s h i p s .  
E a r l y  r a d i o l i g a n d  b i n d i n g  s t u d i e s  o f  t u r k e y  e r y t h r o c y t e  
8 - a d r e n e r g i c  r e c e p t o r s  have s u g g e s t e d  t h a t  h y p e r t h y r o i d i s m  
d i d  n o t  change t h e  numberIBmaxl of B-adrenerg ic  r e c e p t o r s ,  o r  
t h e  a c t i v i t y  o f  B-adrenoreceptor  l i n k e d - a d e n y l a t e  c y e l a s e  
(Bilezikian, Loeb, and Gammon 1979) . However, levels of 
cyclic APSP were increased. 
Conversely, in the hypothyroid state, R-adrenergic 
receptor Bmax and the level of adrenergic-responsive cyclic 
AMP were found to be decreased (Bilezikian, Loeb, and Gammon 
1979). 
In hyperthyroid rat heart membranes, radioligand binding 
studies employing selective adrenergic antagonists 
demonstrated increased 8-adrenergic receptor B, with no 
differences in D-adrenergic receptor affinity(K~) for 
specific agonists or antagonists (Williams et al. 1977, 
Ciaraldi and Marinetti 1977, Tsai and Chen 1978, Kunos, 
Mucci, and OIRegan 1980) . Thyroxine treatment potentiated 
positive inotropic response mediated by the 8-adrenergic 
receptors in guinea pig atria and rabbit papillary muscles 
(Hashimoto and Nakashima 1978). A decreased D-adrenergic 
receptor Bmax in rat heart was found in the absence of thyroid 
hormane(Banerjee and Kung 1977, Ciaraldi and Marinetti 1977, 
Kunos, Mucci, and OIRegan 1980) . These studies have 
demonstrated that in cardiac tissue, changes in thyroid state 
are accompanied by changes in 8-adrenergic number. These 
differential responses have not been clearly delineated in 
aortic tissue. 
There is conflicting evidence regarding the effects of 
thyroid state on the rat aorta. A recent study has found 
that B-adrenergic receptor density is increased by 
approximately 4-fold in the hyperthyroid state, and reduced 
by a factor of 0 . 6 8  i n  t h e  h y p o t h y r o i d  s t a t e  (Gunasekera  and  
Kuriyama 1 9 9 0 ) .  
D i s c e r n a b l e  d e c r e a s e s  i n  8 - a d r e n e r g i c  r e c e p t o r  d e n s i t y  
i n  o t h e r  t i s s u e s  s u c h  as a d i p o c y t e s  (Ciara ld i  and  M a r i n e t t i  
19781, r e t i c u l o c y t e s  (Malbon 1980, S t i l e s  e t  a l .  19811, and  
c e r e b r a l  c o r t e x  (Gross, Brodde, and  Schumann 1 9 8 0 ) ,  have a l so  
b e e n  r e p o r t e d  i n  h y p o t h y r o i d  a n i m a l s .  I n  most t i s s u e s  
s t u d i e d ,  c h a n g e s  i n  8 - a d r e n e r g i c  r e c e p t o r  number are s e e n  
w i t h o u t  c o n c u r r e n t  changes  i n  r e c e p t o r  a f f i n i t y .  These 
s t u d i e s  have  e l u c i d a t e d  t h e  p l a s t i c i t y  o f  B-ad rene rg i c  
r e c e p t o r  d e n s i t y  i n d u c e d  by t h y r o p a t h o l o g y .  
The a - a d r e n e r g i c  r e c e p t o r  r e s p o n s e  h a s  n o t  been  a s  
c o m p l e t e l y  c h a r a c t e r i z e d  as  t h e  i3-adrenergic  r e c e p t o r  
r e s p o n s e .  I n  g e n e r a l ,  t h y r o i d  s t a t u s  h a s  been  shown t o  
r e g u l a t e  a - a d r e n e r g i c  r e c e p t o r  d e n s i t y  a n d  r e s p o n s i v e n e s s .  
H y p e r t h y r o i d  h e a r t s  have  a 4 0 %  r e d u c t i o n  i n  t h e  number of a- 
a d r e n e r g i c  r e c e p t o r s  w i t h  a s i m u l t a n e o u s  d e c r e a s e  i n  r e c e p t o r  
a f f i n i t y  by 2 t o  4 f o l d  ( C i a r a l d i  a n d  M a r i n e t t i  1977, 
W i l l i a m s  a n d  L e f k o w i t z  1979, Chang a n d  Kunos 1981, B i l e z i k i a n  
a n d  Loeb 1983). Although no changes  i n  number o r  a f f i n i t y  of 
a - a d r e n e r g i c  r e c e p t o r s  w e r e  found i n  h y p e r t h y r o i d  hams te r  
a d i p o s e  t i s s u e  (Garc ia -Sa inz  e t  a l .  19811, a 70% d e c r e a s e  i n  
number w a s  d e t e r m i n e d  i n  r a t  l i v e r ,  w i t h  no  a s s o c i a t e d  
changes  i n  a f f i n i t y  (Malbon and  L o P r e s t i  1981)  . 
A decrease i n  a - a d r e n e r g i c  r e c e p t o r s  i n  h y p o t h y r o i d  r a t  
h e a r t  t h a t  w a s  e q u i v a l e n t  t o  t h e  i n c r e a s e  s e e n  i n  
h y p e r t h y r o i d  h e a r t  t i s s u e s  h a s  been  r e p o r t e d  ( C i a r a l d i  and  
M a r i n e t t i  1977, G i a r a l d i  and M a r i n e t t i  1 9 7 8 ) .  Hamster 
a d i p o s e  t i s s u e  i n  t h e  absence  o f  t h y r o i d  hormone h a s  shown no  
d i f f e r e n c e s  i n  number o r  a f f i n i t y  f o r  t h e  a - a d r e n e s g i c  
r e c e p t o r  ( G i u d i c e l l i ,  Lacasa,  and Agl i  1980)  . I n  c o n t r a s t ,  
t h e  hypo thyro id  r a t  l i v e r  e x h i b i t s  a  s i g n i f i c a n t  r e d u c t i o n  i n  
t h e  number o f  a - a d r e n e r g i c  r e c e p t o r s  wi thout  c o n c u r r e n t  
changes  i n  a f f i n i t y  (Noguchi 1 9 8 3 ) .  Recently,  Gunasekera and 
Kur iyama( l990)  have shown t h a t  a - a d r e n e r g i c  r e c e p t o r  d e n s i t y  
was i n c r e a s e d  i n  t h e  h y p e r t h y r o i d  s t a t e ,  and d e c r e a s e d  i n  t h e  
hypo thyro id  s t a t e .  
T h i s  r e s e a r c h  on t h e  r e l a t i o n s h i p  between t h y r o i d  s t a t u s  
and a d r e n e r g i c  r e s p o n s i v e n e s s  has  shown t h a t  b o t h  t h e  a- and 
B-adrenergic  r e c e p t o r  sys tems,  i n  a  v a r i e t y  of t i s s u e s ,  can  
b e  r e g u l a t e d  by t h y r o i d  s t a t u s .  
Although t h y r o i d  e x c e s s  and d e f i c i t - a s s o c i a t e d  changes  
i n  ca techo lamine  r e c e p t o r  d e n s i t y  and s e n s i t i v i t y  i n  rat  
t h o r a c i c  a o r t a  have been w e l l  documented, s t u d i e s  of  t h e  
effects  o f  t h y r o i d  s t a t u s  on heterogenous  p o p u l a t i o n s  o f  5- 
hydroxytryptaminetserotonin; 5-HT) r e c e p t o r s  i n  t h i s  t i s s u e  
have  n o t  been under taken .  A s  5-HT r e c e p t o r s  f u n c t i o n  i n  
c o n c e r t  w i t h  a d r e n e r g i c  r e c e p t o r s  i n  t h e  maintenance o f  
v a s c u l a r  t o n e  (Marzin i ,  Maggi, and M e l i  1986), it i s  p o s s i b l e  
t h a t  5-HT r e c e p t o r  d e n s i t y  and s e n s i t i v i t y  may a l s o  be 
d i f f e r e n t i a l l y  r e g u l a t e d  i n  a n  a l t e r e d  t h y r o i d  s t a t u s .  
P e r i p h e r a l  5-HT r e c e p t o r s  were i n i t i a l l y  c h a r a c t e r i z e d  
i n t o  two d i s t i n c t  t y p e s ;  "D" and "M" , u s i n g  t h e  n o n - s p e c i f i c  
a n t a g o n i s t s  d i b e n z y l i n e  and  morphine, respect ive ly(Gaddum and 
~ i c a r e l l i  1957 1 . A s  more spec i f  i c  pharmacological 
a n t a g o n i s t s  became a v a i l a b l e ,  5-HT1 and 5-HT2 s i t e s  were 
d i s t i n g u i s h e d  us ing  t h e  a n t a g o n i s t s  spiperone and D-lysergic  
a c i d  die thylarnide(~SI2)  i n  r a t  b r a i n  membranes(Peroutka and 
Snyder 1979)  Bradley e t  a1 . (1986)  proposed a c l a s s i f i c a t i o n  
scheme t o  i n t e g r a t e  t h e  two proposed c l a s s i f i c a t i o n s ,  
d e s i g n a t i n g  t h e  r ecep to r  groups a s  '5-HT1-like', 5-HT2, and 5- 
HT3. The 5-HT1 and 5-HT2 r ecep to r  t ypes  have been f u r t h e r  
subdiv ided  i n t o  s e v e r a l  d i s t i n c t  subtypes .  Table 1 
summarizes t h e  c u r r e n t  nomenclature and knowledge of 5-HT 
r e c e p t o r  func t ion  i n  vascu la r  smooth muscle. 
The d e f i n i t i o n  of t h e  r e c e p t o r  group ca tegor ized  as  ' 5 -  
HT1-like' has  been l e f t  a s  broad a s  poss ib l e  t o  a l low t h e  
f u r t h e r  i d e n t i f i c a t i o n  and c h a r a c t e r i z a t i o n  of novel  5-WT1 
r e c e p t o r s ,  a s  t h e  number of new s e l e c t i v e  
s e r o t o n e r g i c  agents  become a v a i l a b l e .  There a r e  t h r e e  
c r i t e r i a  t h a t  d e f i n e  t h i s  group of recep tors  (Bradley e t  a l .  
1986) .  F i r s t ,  t h e  r ecep to r  i s  p o t e n t l y  antagonized by 
methiothepin and/or methysergide.  Although t h e s e  a n t a g o n i s t s  
a r e  no t  e x c l u s i v e l y  s e l e c t i v e  f o r  5-HTl s i t e s ,  t hey  show a 
h igh  a f f i n i t y  f o r  them. Second, 5-BTl-like r e c e p t o r s  a r e  not  
i n h i b i t e d  by a n t a g o n i s t s  t h a t  a r e  s e l e c t i v e  f o r  t h e  5-HT2 o r  
5-HT3 s i t e s ,  such a s  ke t anse r in ,  r i t a n s e r i n  (5-HT2) , ICS 205- 
930, MDL 72222 (5-HT3). Third,  t h i s  r e c e p t o r ' s  response t o  
t h e  5-HT1 agon i s t  5-carboxarnidotryptamine(5-CT) must be equa l  
t o  o r  g r e a t e r  t han  t h a t  of  5-HT {Bradley e t  a l .  1 9 8 6 ) .  
Although t h e  5-KT recep to r  on t h e  p i g  coronary a r t e r y  
endothelium mediat ing r e l axa t ion  shows a  s t r o n g  s i m i l a r i t y  t o  
t h e  S - H T ~ D  r e c e p t o r  sub type(Schoef f te r  and Hoyer 19901, it 
would be Premature t o  a s s ign  a  5-KT1 r ecep to r  subtype on t h e  
r a t  t h o r a c i c  a o r t a  endothelium 5-HT r e c e p t o r .  
The mechanisms of  s i g n a l  t r ansduc t ion  i n i t i a t e d  by t h e  
l igand-binding t o  t h e  '5-HT1-like' e n d o t h e l i a l  r ecep to r ,  and 
completed by t h e  c o n t r a c t i o n  o r  d i l a t i o n  of t h e  a o r t i c  
vascu la r  smooth muscle have not been f u l l y  e l u c i d a t e d .  
E f f o r t s  t o  d i r e c t l y  l i n k  5-HT-induced r e l e a s e  of a d i f f u s i b l e  
v a s o d i l a t o r y  subs tance  i n t o  vascular  smooth muscle i s  s t i l l  
l ack ing .  However, cascade-superfusion experiments have 
demonstrated t h e  5-HT-mediated r e l e a s e  of an endogenous 
vasod i l a to ry  l i g a n d  from endo the l i a l  c e l l s  of a donor a o r t i c  
r i n g  can r e l a x  an accep tor  a o r t i c  r i n g  which immediately 
fo l lows  t h a t  of t h e  donor r i n g  (Cohen 1989) .  Previous  
r e sea rch  has shown t h a t  upon removal of t h e  endothelium, 5- 
HT- and acetylcholine(ACh)-mediated endothelium-dependent 
d i l a t i o n  of vascu la r  smooth muscle i s  abol i shed  (Cohen and 
Vanhoutte 1986, Furchgot t  and Zawadski 1980) .  Enda the l i a l -  
de r ived  r e l a x i n g  f a c t o r  (EDRF) i s  a  sho r t - l i ved  s o l u b l e  agent  
r e l e a s e d  by t h e  a o r t i c  endothelium i n  response t o  a  v a r i e t y  
of substances  i nc lud ing  5-RT and ACh, and mediates r e l a x a t i o n  
i n  t h e  r a t  t h o r a c i c  a o r t a  (Furchgott  1 9 8 3 ) .  EDRF a c t s  i n  a 
manner s i m i l a r  t o  n i t r a t e  vasod i l a to r s ,  and shows c e r t a i n  
s i m i l a r i t i e s  t o  n i t r i c  oxide t o  induce an i n c r e a s e  i n  
c e l l u l a r  l e v e l s  of c y c l i c  guanosine monophosphate 
( ~ G M P )  (Rapaport and Murad 1983) . 
The role Of endothelial-derived contracting f a c t o r ( E ~ ~ ~ )  
has been characterized in more detail, This factor is 
released from the endothelium, presumably in response to the 
binding of plasma-born vasoconstrictors on the intimal side 
of the aortic endothelium. Recently, a 21-amino acid peptide 
called endothelin has been isolated from porcine endothelial 
cells in culture (Yanagisawa et al. 1988). Through sequence 
analysis, the porcine and human endothelin peptides have been 
found to be identical, and have been termed endothelin-1 (ET- 
1). The endothelin-2 (ET-2) differs by two amino acid 
substitutions from ET-1. The isoform isolated from rat 
shares certain homologies with ET-1 and ET-2, and has been 
termed endothelin-3 (ET-3) n u e  et al. 1989). Data indicate 
that EDGE' and endothelin share many similarities, and may in 
fact be the same molecule (Rapoport and Highsmith 1990). 
Upon release, endothelin binds to a transmembrane endothelin 
receptor on the membrane of the vascular smooth muscle. The 
signal is transduced via a pertussis toxin-insensitive G 
protein, which is coupled to phospholipase-C (Takuwa et al. 
1990). Endothelin has been shown to induce contraction 
through several related pathways; Phospholi~ase-C hydrolyzes 
three phosphatidylinositides to form diacylglycerol(~~~) and
inositol triphosphate(IP3) (Rapoport and Highsmith 1990, 
Sugiura et al. 1989). These two products function as 
intracellular second messengers. IP3 mediates the release of 
calcium stores from the endoplasmic reticulum, which allow 
the vascular smooth muscfe to contract. The main source of 
calcium, mobilized by endothelin t o  e l i c i t  contraction, 
e n t e r s  through voltage-independent calcium channels on t h e  
vascu la r  smooth muscle membrane (Huang, Hisayama, and 
Takayanagi 1 9 9 0 ) .  The ac t iva t ion  of DAG and phospholipase A2 
both l e a d  t o  t h e  re lease  of arachidonic ac id .  The metabolism 
of a rachidonic  ac id  by cyclooxygenase and lipoxygenase 
enzymes forms many vasoactive substances such as  
thromboxanes, prostaglandins,  and leukot r ines  which may p lay  
an e s s e n t i a l  r o l e  i n  sus ta in ing  endothelin-mediated 
c o n t r a c t i o n  (Reynolds and Mok 1 9 9 0 ) .  The d i s t r i b u t i o n  and 
vascu la r  a c t i o n s  of t h e  heterogenous 5-HT receptors ,  EDRE, 
and EDCF a r e  shown i n  ~ i g u r e  1. 
This  t h e s i s  w i l l  deal  w i t h  t h e  cha rac te r i za t ion  of 5-HT- 
evoked i somet r i c  c o n t r a c t i l e  responses i n  a o r t i c  vascular 
smooth muscle i n  thyropathologie r a t s .  A c e n t r a l  hypothesis 
of t h i s  t h e s i s  i s  t h a t  the  modulation of adrenergic responses 
i n  thyropathologic  r a t  ao r t a  may be accompanied by s imi la r  
a l t e r a t i o n s  i n  indolalkylaminergic responses.  Given t h a t  t h e  
a-adrenergic  receptor  and the  5-HT2 receptor  both mediate 
c o n t r a c t i o n  of vascular smooth muscle u t i l i z i n g  s imi la r  
s i g n a l  t randsduct ion cascades (Van Zwieten and Timermans 
1987, Roth e t  a l .  1984), it i s  tenable  t o  hypothesize an 
excess o r  d e f i c i t  of thyroid hormone may induce p a r a l l e l  
changes i n  c o n t r a c t i l e  responses. Conversely, thyropathalogy 
may mediate opposite e f f e c t s  i n  t h e  two populations of 
r ecep to r s ,  implicat ing post-receptor modifications i n  
mechanisms of vascular  smooth muscle cont rac t ion .  In  order  
c o n t r a c t i l i t y  of r a t  a o r t a ,  t h i s  s tudy  used mechanical 
denudation (removal) of t h e  a o r t i c  endothelium t o  
d i f f e r e n t i a t e  between 5-HT-mediated responses  t h a t  occur on 
t h e  endothelium, t o  those  which occur on t h e  vascu la r  smooth 
muscle. I n  a d d i t i o n ,  t h e  s e l e c t i v e  5-HT2 an t agon i s t  
k e t a n s e r i n ,  and 5-HT3 antagonis t  ICS 205-930, were perfused 
I 
th rough e n d o t h e l i a l - i n t a c t  a o r t i c  r i n g s  of t h e  t h r e e  t h y r o i d  
s t a t e s ,  t o  d i f f e r e n t i a t e  between 5-HT-mediated responses 
mediated by s p e c i f i c  5-HT-receptor t y p e s .  An a d d i t i o n a l  
purpose of  t h i s  t h e s i s  w a s  t o  examine t h e  e f f e c t s  of 
thyropathology on vascu la r  smooth muscle r e p o l a r i z a t i o n .  A s  
an i n d i c a t i o n  of  r a t e  of r e p o l a r i z a t i o n  of t h e  vascu la r  
smooth muscle, t h e  r a t e  of r e l axa t ion  w a s  measured a f t e r  a 
KCl-mediated c o n t r a c t i o n .  Several  mechanisms have been 
proposed f o r  t h e  KCl-mediated c o n t r a c t i o n  of vascu la r  smooth 
muscle. KC1-induced a l t e r a t i o n s  of t h e  membrane p o t e n t i a l  
may be mediated by changes i n  t h e  membrane permeabi l i ty  t o  
sodium o r  potassium ions ,  t h e  e l e c t r o g e n i c  sodium-potassium 
t r a n s p o r t  system, and/or  t h e  in f luence  of t h e  i n t r a c e l l u l a r  
sodium concen t r a t i on  on calcium t r a n s p o r t  (Sparks 1 9 8 0 )  . 
This  measure may i n d i c a t e  thyropathologic-induced changes i n  
c e l l  membrane i o n  channels involved i n  t h e  r e p o l a r i z a t i o n  of 
t h e  vascu la r  smooth muscle. 
T a b l e  1. 5-Hydroxytryptamine receptors relevant to the 
maintenance of vascular smooth muscle tone. 
Receptor Subtype Tissue Localization Transduction Pathway 
vascular smooth muscle stimulation of 
endothelial cells phospholipase C 
platelets accumulation of inositol 
phosphates 
stimulation of 
protein kinase C 
coupled to a 6-protein; 
mediates contraction 
~ - H T I B  a WKR rat aortic smooth 
muscle cell culture 
'5-HT1-like' endothelium of 
thoracic aorta 
b 
5-HTlD endothelium of 
pig coronary arteries 
coupled to a 6-protein 
negatively linked to 
adenylate cyclase 
transduction pathway is 
not known; may mediate 
contraction and/or dilation 
a 
Jazayeri, Meyer and Kent (1989) . 
b 
S c h o e f f t e r ,  Waeber, P a l c i o s  and Hoyer (1990) .  
F i g u r e  1. Funct iona l  r e l a t i o n s h i p  between endothelium 
and v a s c u l a r  smooth muscle i n  response t o  5-HT, 
. The s u b j e c t s  w e r e  male Sprague-Dawley 
ra ts  we igh ing  be tween 300 and  400 grams. A t o t a l  o f  3 6  r a t s  
were used ,  w i t h  1 2  i n  e a c h  t r e a t m e n t  g roup .  The ra ts  were 
housed  2  p e r  cage. One g roup  w a s  r e n d e r e d  h y p e r t h y r o i d  by  
d a i l y  i n t r a p e r i t o n e a l  I n j e c t i o n  o f  200 pg o f  1-thyroxine(TRX1 
i n  a  0 . 2  m l  volume o f  p h y s i o l o g i c a l  s a l i n e .  The second group 
w a s  r e n d e r e d  h y p o t h y r o i d  b y  t h e  a d m i n i s t r a t i o n  0 . 1 %  2- 
t h i o u r a c i l  (PTU) i n  t h e  d r i n k i n g  w a t e r .  A t h i r d  e u t h y r a i d  
c o n t r o l ( C 0 N )  g r o u p  w a s  m a i n t a i n e d .  The t h r e e  g roups  were 
a l l o w e d  P u r i n a  r a t  chow and  water ad l i b i t u m  f o r  t h e  
d u r a t i o n  o f  t h e  e x p e r i m e n t .  The an ima l  care u n i t  w a s  
m a i n t a i n e d  a t  2 s Q c ,  a n d  l i g h t / d a r k  c y c l e s  w e r e  a l t e r n a t e d  
e v e r y  12 h o u r s .  
D i s s e c t i o n  and  Ploun-q of  the A o r t i c  R J n g .  Fo l lowing  t h r e e  
weeks of t r e a t m e n t ,  r a t s  were s a c r i f i c e d  by  c e r v i c a l  
I 
d i s l o c a t i o n .  The t h o r a c i c  a o r t a  w a s  q u i c k l y  a n d  c a r e f u l l y  
removed a n d  dissected f r e e  of c o n n e c t i v e  t i s s u e  i n  oxygenated  
b u f f e r e d  p h y s i o l o g i c a l  s a l i n e  s o l u t i o n ( P S S ) ,  pH a d j u s t e d  t o  
7 . 4 ,  and  m a i n t a i n e d  a t  37OC i n  a p r e p a r a t i o n  d i s h .  The 
compos i t ion  o f  t h e  PSS w a s  as f o l l o w s  (EM):  NaC1,  115; KC1,  
5; CaC12 ,  2 .5 ;  MgC12, 1.2; EDTA, 0.026; NaHzP04, 1 . 2 ;  NaHC03, 
25 .  The aorta f r o m  e a c h  r a t  was c u t  i n t o  e i g h t  r i n g s ,  each 
a p p r o x i m a t e l y  2  mm i n  wid th ,  and were e i t h e r  l e f t  i n t a c t ,  o r  
denuded by removal  o f  t h e  e n d o t h e l i a l  c e l l  l a y e r .  The 
denuda t ion  of t h e  r i n g s  was done by i n s e r t i n g  a  p a i r  of 
a n g l e d  f o r c e p s  i n t o  t h e  Lumen of  t h e  v e s s e l  and g e n t l y  
r o l l i n g  t h e  r i n g  approx imate ly  f o u r  t i m e s  on a  p i e c e  of 
f i l t e r  Paper  a t  t h e  bot tom of t h e  p r e p a r a t i o n  d i s h .  The 
r i n g s  were t h e n  mounted between two w i r e  hooks i n  a  6ml 
t i s s u e  b a t h  ( R a d n o t t i )  c o n t a i n i n g  PSS ( F i g u r e  2 )  . The 
t i s s u e  b a t h  w a s  ma in ta ined  a t  37OC and c o n t i n u a l l y  gassed  
w i t h  95% 02 / 5% CO2. Changes i n  t i s s u e  i s o m e t r i c  f o r c e  were 
measured wi th  s t r a i n  gauge t r a n s d u c e r s  and r e c o r d e d  on a 
Beckman RB, and a  Sensormedic R511 Dynograph. 
Data C U e c t i m  A f t e r  t h e  dynograph was c a l i b r a t e d ,  r i n g s  
w e r e  p r e l o a d e d  t o  one gram o f  p a s s i v e  t e n s i o n ,  The r i n g s  
w e r e  a l lowed  t o  i n c u b a t e  f o r  two h o u r s (  F i g u r e  3 )  . During 
t h i s  t i m e ,  t i s s u e  b a t h  PSS was r e p l a c e d  every  f i f t e e n  
minu tes .  A f t e r  two h o u r s  of  i n c u b a t i o n ,  t h e  r i n g s  were 
c h a l l e n g e d  w i t h  a  55mM K C 1  s o l u t i o n  t o  de termine  v i a b i l i t y .  
A f t e r  a  maximum c o n t r a c t i o n  was achieved,  t h e  K C 1  s o l u t i o n  
was washed, a l l o w i n g  t h e  r i n g s  t o  r e l a x .  The t i m e  c o u r s e  of 
r e l a x a t i o n  o f  t h e  KC1-induced c o n t r a c t i o n  was measured t o  
de te rmine  i f  a  d i f f e r e n t i a l  r e p o l a r i z a t i o n  r a t e  o c c u r r e d  i n  
t h e  t h r e e  t h y r o i d  s t a t e s ,  and i n  i n t a c t  and denuded t i s s u e s .  
T o  i n s u r e  t h a t  t h e  endothel ium was a c t u a l l y  removed by t h i s  
procedure ,  p i l o t  s t u d i e s  were conducted i n  which s e p a r a t e  
r i n g s  were p r e e o n t r a c t e d  w i t h  nor epinephrine(^^), and t h e n  
exposed t o  1 p f  a e e t y l c h o l i n e l A C h ) .  An abol ishment  o f  
r e l a x a t i o n  caused  by ACh was t a k e n  a s  evidence  o f  s u c c e s s f u l  
removal.  Once a b a s e l i n e  of 1 gm of t e n s i o n  was reach ieved ,  
k e t a n s e r i n ,  o r  5-HT3 a n t a g o n i s t  ICS 205-930, was added t o  t h e  
t i s s u e  b a t h  s o l u t i o n .  The 5-HT a n t a g o n i s t s  were a l lowed t o  
b i n d  f o r  f i f t e e n  minutes .  A f t e r  t h i s  t i m e ,  c u m u l a t i v e  
c o n c e n t r a t i o n s  sf serotonin(5-HT) were added, i n  a  range  of 
1 ~ 1 0 - ~ ~  t o  1x10-5 m/L. A f t e r  a maximal response  t o  t h e  
h i g h e s t  d o s e  o f  5-WT was achieved,  r i n g s  were removed from I 
t h e  a p p a r a t u s ,  b l o t t e d  on f i l t e r  paper ,  and weighed on a I 
M e t t l e r  b a l a n c e  t o  de termine  t h e  t o t a l  w e t  weight .  
Drugs Drugs used were s e r o t o n i n  (5-HT) (Sigma Chemical C o . ,  
S t .  Lou i s ,  M03 ; 5-HT2 a n t a g o n i s t ,  k e t a n s e r i n  (Research 
Biochemicals  I n c . ,  Nat ick ,  I.IA) ; 5-HT3 a n t a g o n i s t ,  IGS 205-930 
(Resea rch  Biochemicals  1 n c . f ;  I-thyroxine(TRX) (Sigma Chem. 
Co. 1 ; and  2 - t h i o u r a c i l  (PTU) {Sigma Chem. Co. ) . 
The c o n t r a c t i l e  f o r c e  o f  each r i n g  was 
measured i n  rnill igrarns(mg) . The c o n t r a c t i l e  f o r c e  was I 
normal ized  t o  t h e  w e t  weight of t h e  r i n g  a s  mgs of  
tension/rngs o f  wet r i n g  weight .  The c h a r t  r e c o r d e r s  were 
c a l i b r a t e d  s o  t h a t  1 mm of pen d e f l e c t i o n  r e f l e c t e d  100 rng of 
g e n e r a t e d  t e n s i o n .  The p e r c e n t  o f  t h e  maximum c o n t r a c t i o n  
f o r  each  i n c r e m e n t a l  dose of  5-HT was c a l c u l a t e d  u s i n g  t h e  
f o l l o w i n g  formula  : 
Response [S-HT] 
% = .......................... X 100 
Max. Response o f  r i n g  
The p e r c e n t  r e l a x a t i o n ,  from t h e  wash o f f  of t h e  KC1-induced 
c o n t r a c t i o n ,  was c a l c u l a t e d  u s i n g  t h e  p reced ing  method. The 
normalized t e n s i o n  generated and t h e  percent maximum 
cont rac t ion  of t h e  r ings  i n  each group were averaged and 
standard e r r o r s  ( S.E.) were ca lcu la ted .  The Students t-test 
( two-tai led)  f o r  independent samples w a s  used t o  compare t h e  
means of t h e  TRX and PTU treatment groups t o  the  control 
group, with a value of pc  0.05 considered s i g n i f i c a n t .  T h e  
dose a t  which a half-maximal response was achieved (ED501 was 
determined by t h e  SSPX program l o g i t / p r o b i t .  
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Figure 2. Tissue bath apparatus. 
Figure 3.  Protoeof and drugs used. 
To determine v i a b i l i t y  of t h e  t i s s u e ,  t h e  a o r t i c  r i ngs  
were con t r ac t ed  wi th  a  55mM potassium-chloride s o l u t i o n .  
A f t e r  a maximal response was a t t a i n e d ,  t h e  potassium s o l u t i o n  
was washed o f f ,  and t h e  r a t e  of r e l axa t ion  was measured f o r  
twenty minutes.  
The da t a  compiled from t h e  r e l axa t ion  t i m e  were p l o t t e d  
a s  t h e  percen t  r e l a x a t i o n .  The percent  r e l a x a t i o n  i s  an 
i n d i c a t i o n  of t h e  r a t e  of r epo la r i za t ion  of t h e  vascu la r  
smooth muscle. The i n t a c t  t i s s u e s  of t h e  two 
thy ropa tho log ica l  s t a t e s  showed s i g n i f i c a n t  d i f f e r e n c e s  when 
compared t o  t h e  c o n t r o l  i n  t ime t h a t  was r equ i r ed  t o  achieve 
100  percen t  r e l a x a t i o n .  The hypothyroid r i n g s  IPTU-treated 
r a t s ) ,  which achieved t h e  f a s t e s t  r e l a x a t i o n s ,  were 
completely r e l axed  a f t e r  approximately s i x  minutes .  The 
c o n t r o l  and hyper thyro id  r i n g s  achieved complete r e l a x a t i o n  
a f t e r  t e n  and twenty minutes r e spec t ive ly  (Eigure  4a) . 
Diffe rences  i n  t h e  denuded (endothelium-removed) p repa ra t ions  
of t h e  two t hy ropa tho log ica l  s t a t e s  were a l s o  s i g n i f i c a n t  
when compared t o  t h e  denuded con t ro l  (Figure  4 b ) .  The 
hyperthyroid(TRX) a o r t i c  r i n g s  were not  a b l e  t o  achieve t h e  
previous  pre load ing  t e n s i o n  a f t e r  twenty minutes (Figure  4 b ) .  
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FIGURE 4 9 .  T i m e  c o u r s e  o f  pe rcen t  r e l a x a t i o n  a f t e r  a 
maximal KC1-induced c o n t r a c t i o n  i n  the  intact thyroid 
states. 
' lJ"'= DENUDED CON 
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FXCURE 4b. T i m e  c o u r s e  o f  pe rcen t  r e l a x a t i o n  a f t e r  a 
maximal KC1-induced c o n t r a c t i o n  i n  t h e  denuded t h y r a i d  
states.  
FIGURES 4c.4dr4e. Time course  of pe rcen t  r e l a x a t i o n  a f t e r  a maximal 
KC1-contraction of i n t a c t  and denuded t i s s u e s  i n  t h e  thyro id  s t a t e s .  
A l l  d a t a  p o i n t s  from t h e  denuded t h y r o i d  s t a t e s  are s i g n i f i c a n t l y  l e s s  
when compared t o  t h e  i n t a c t  t h y r o i d  states. 
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The overa l l .  t ime  course  of r e l axa t ion  of t h e  denuded t i s s u e s  
i n  t h e  t h r e e  t h y r o i d  groups were s i g n i f i c a n t l y  a t t enua ted  I p l  
0 . 0 5 )  when compared t o  t h e i r  i n t a c t  coun te rpa r t s  (Figures  
t h e  Three Thvrojd G r o w  
The d a t a  of  t h e  i nc reas ing  doses of 5-MT were p l a t t e d  as  
t h e  amount of raw t ens ion  generated(mg o f  tensionJmg of ring 
weight ) ,  and t h e  percen t  maximum response.  
A comparison of t h e  t h r e e  t hy ro id  s t a t e s  i n  i n t a c t  
t i s s u e s  showed a genera l  t r e n d  towards a n  increased  t ens ion  
genera ted  i n  t h e  hyper thyroid  t i s s u e ,  and diminished t ens ion  
genera ted  i n  t h e  hypothyroid t i s s u e  when compared t o  t h e  
c o n t r o l .  Although t h e  hyperthyroid t i s s u e s  response was 
n o n s i g n i f i c a n t l y  d i f f e r e n t  than c o n t r o l  t i s s u e s  response,  t h e  
hypothyroid t i s s u e s  were s i g n i f i c a n t l y  d i f f e r e n t  a t  t h e  
h ighes t  two doses  of 5-HT Ips 0 . 0 5 )  (F igure  5a)  . In t h e  
denuded p repa ra t ions ,  i n  which t h e  e n d o t h e l i a l  c e l l  l a y e r  had 
been removed, t h e  c o n t r o l  and hyper thyroid  r i n g s  demonstrated 
s l i g h t  i n c r e a s e s  i n  t ens ion  when compared t o  t h e i r  r e s p e c t i v e  
i n t a c t  r i n g s  (Figure  5b) . However, t h e  maximal t ens ion  
genera ted  by t h e  denuded hypothyroid r i n g s  increased  
approximately 200 mg/mg, when compared t o  t h e  i n t a c t  
hypothyroid r i n g s  response, t o  equal  t h e  maximal t ens ion  
achieved b y  t h e  denuded hyperthyroid and c o n t r o l  r i ngs  
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FIGURE 5a. E f f e c t s  of  cumulative concent ra t ions  of  5-HT on 
a o r t i c  rings from (CON) euthyroid,  (PTU) hypothyroid, and 
(TRX) hyper thyro id  r a t s .  Generated tens ion  i s  expressed 
as mg/mg of  w e t  r i n g  weight. Each point represen t s  the 
mean t e n s i o n  genera ted  f o r  10 determinat ions(+/ -  SEMI. 
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FPGURE 5b. Effects of  cumulative concent ra t ions  of 5-HT 
an  denuded (endothelium-removed) a o r t i c  r ings  from euthyroid ,  
hypothyroid,  and hyper thyroid  r a t s .  
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FIGURE Sc. E f f e c t s  of cumulative concent ra t ions  of 5-HT on 
intact and denuded a o r t i c  rings from hypothyroid r a t s .  
(F igure  5b). Although a general  t rend  toward increased  
t e n s i o n  gene ra t ed  i n  denuded prepara t ions  when compared t o  
i n t a c t  p r e p a r a t i o n s  w a s  observed, t h e  denuded hypothyroid 
r i n g s  demonstrated t h e  l a r g e s t  increase  i n  t ens ion ,  when 
compared t o  t h e  i n t a c t  hypothyroid t i s s u e  (Figure  5 c ) .  
Three  Thyroid G r o u ~ ~  
The pe rcen t  maximum cont rac t ion  i s  a  c a l c u l a t i o n  which 
g i v e s  an i n d i c a t i o n  of t h e  s e n s i t i v i t y  of t h e  r ecep to r  for 
t h e  l i g a n d .  The pe rcen t  maximum cont rac t ion  of t h e  i n t a c t  
p r e p a r a t i o n s  was nons ign i f i can t ly  d i f f e r e n t  among t h e  t h r e e  
t h y r o i d  states (F igure  6 a ) .  The percent  maximum con t r ac t ion  
of  t h e  denuded p r e p a r a t i o n s  showed no s i g n i f i c a n t  d i f f e r e n c e  
i n  s e n s i t i v i t y  i n  t h e  c o n t r o l  and hypothyroid t i s s u e s  ( F i g u r e  
6b) . However, i n  t h e  denuded hyperthyroid t i s s u e s ,  a 
s i g n i f i c a n t  i n c r e a s e  i n  s e n s i t i v i t y  was shown a t  doses of 0 . 5  
p&l - 50 pM of 5-HT when compared t o  t h e  denuded a o r t i c  t i s s u e  
r e c e i v i n g  t h e  c o n t r o l  veh ic l e  ( ~ i g u r e  6b). 
The responses  of t h e  i n t a c t  and denuded a o r t i c  r i n g s  of 
t h e  t hy ropa tho log ic  and con t ro l  r a t s  were compared. The 
t e n s i o n  gene ra t ed  i n  t h e  denuded con t ro l  and hyper thyroid  
r i n g s  when compared t o  t h e i r  respec t ive  i n t a c t  r i n g s  were 
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FIGWRE 6a. Percent maximum contractions of cumulative 
concent ra t ions  of 5-HT on i n t a c t  a o r t i c  rings from euthyroid, 
hypothyroid, and hyperthyroid r a t s .  
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FIGURE 6b. Percent  maximum contractions of cumulative 
concentra t ions  of 5-HT on denuded a o r t i c  r ings  from euthyroid ,  
hypothyroid, and hyperthyroid r a t s .  
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FIGURE 6C. Percent maximum contractions of cumulative 
concentrations of 5-HT on intact and denuded aortic rings 
from hyperthyroid rats. 
s i g n i f i c a n t  a t  0 . 5  and 1 pl4 doses of  5-HT (F igures  5a ,5b)  
The denuded r i n g s  of t h e  hypothyroid r a t s  demonstrated a  
s i g n i f i c a n t  i n c r e a s e  i n  t h e  raw t e n s i o n  achieved when 
compared t o  t h e  i n t a c t  hypothyroid r i n g  (F igure  5 c )  , 
Re-c;raonse t o  5 - HT I n t a c t  and Denuded A o r t i ~  
Rinas. 
A compar ison between pe rcen t  maximum c o n t r a c t i o n s  of t h e  
i n t a c t  and  denuded r i n g s  r e v e a l e d  a  n o n s i g n i f i c a n t  t r e n d  
toward  i n c r e a s e d  s e n s i t i v i t y  i n  t h e  denuded r i n g s  from 
c o n t r o l  a n d  h y p o t h y r o i d  r a t s  (Figures  6a, 6b). The denuded 
h y p e r t h y r o i d  r i n g s  showed a  s i g n i f i c a n t  i n c r e a s e  i n  p e r c e n t  
maximum c o n t r a c t i o n  ach ieved  when compared t o  t h e  i n t a c t  
h y p e r t h y r o i d  r i n g s  ( F i g u r e  6c) . 
The effects  o f  t h e  5-HT2 a n t a g o n i s t  k e t a n s e r i n  and 5-HT3 
a n t a g o n i s t  ICS 205-930 were i n v e s t i g a t e d  i n  t h e  i n t a c t  
p r e p a r a t i o n s  o f  t he  t h r e e  t h y r o i d  s t a t e s . . T h e  5-HT3 
a n t a g o n i s t  ICS 205-930 n o n s i g n i f i c a n t l y  a t t e n u a t e d  5-HT- 
media ted  c o n t r a c t i o n  a t  micromolar c o n c e n t r a t i o n s  i n  t h e  
c o n t r o l  and  h y p o t h y r o i d  a o r t i c  r i n g s  when compared t o  t h e i r  
u n t r e a t e d  c o u n t e r p a r t s  (F igures  7a, 7b) . The t e n s i o n  
g e n e r a t e d  i n  t h e  ICS 205-930-treated h y p e r t h y r o i d  r i n g s  
demons t ra ted  a s i g n i f i c a n t l y  a t t e n u a t e d  response  a t  t h e  5 pM 
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FIGURE 7a. Effec ts  of cumulative doses s f  5-HT on 
i n t a c t  and ketanserin o r  IGS 205-930 pretreated a o r t i c  
r ings  f r o m  euthyroid r a t s .  
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FI[;URE 7b. Effects  of cumulative doses of 5-HT on 
i n t a c t  and ketanserin or  ICS 205-930 pretreated a o r t i c  
r ings from hypothyroid r a t s .  
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i n  l i g h t  of t h e  
(F igure  7 c f .  
apparen t  
I n  all t h y r o i d  s t a t e s ,  t h e  pe rcen t  maximum response  was 
n o t  s i g n i f i c a n t  between t h e  ICS 205-930-treated and - 
n t r e a t e d  r i n g s  ( F i g u r e s  8a, 8b, 8c)  . Micromolar 
c o n c e n t r a t i o n s  of  t h e  5-HT2 an tagon i s t  k e t a n s e r i n  e f f e c t i v e l y  
i n h i b i t e d  t e n s i o n  development i n  t h e  t h r e e  t h y r o i d  s t a t e s  
( F i g u r e s  Ta, 7b, 7c )  . The k e t a n s e r i n - t r e a t e d  i n t a c t  r i n g s  d i d  
A s  a n o t h e r  measure of t h e  e f f e c t s  of 5-hydroxytryptamine 
on r a t  v a s c u l a r  smooth muscle, t h e  e f f e c t i v e  dose  needed t o  
p roduce  half-maximal  c o n t r a c t i o n  ( E D S O )  was compared i n  t h e  
t h y r o i d  s tates  i n  t h e  p resence  o r  absence of s e l e c t i v e  5-WT 
r e c e p t o r  a n t a g o n i s t s  ( F i g u r e  9 )  . The ED50 of t h e  h y p e r t h y r o i d  
denuded t i s s u e  was s i g n i f i c a n t l y  lower t h a n  t h e  denuded 
, e u t h y r o i d  and t h e  i n t a c t  hyperhyroid t i s s u e .  
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FIGURES 8af8b,8c. Percen t  maximum contrac t ions  of cumulative 
c o n c e n t r a t i o n s  of 5-HT an i n t a c t  o r  ICS 205-930 p r e t r e a t e d  
a o r t i c  r i n g s  from eu thyro id ,  hypothyroid, and hyper thyroid  r a t s .  
Treatment Categories 
FIGURE: 9. ED50 va lues  of t h y r o i d  s t a t e s  and t r ea tments  
i n  response t o  5-HT. The symbols denote a s i g n i f i c a n t  
d i f f e r e n c e  between hyperthyroid denuded a o r t i c  r i n g s  and 
hyper thyroid  i n t a c t  r i n g s ( * )  and between the hyper thyroid  
denuded r ings  and con t ro l  denuded ( f ) r ings  (p=0.01)  . 
Standard  e r r o r  was ca lcu la ted  by one f a c t o r  ANOVA. 
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  he f irst  parameter  measured i n  t h e  t h r e e  t h y r o i d  s t a t e s  
t h e  ra te  o f  r e p o l a r i z a t i o n  o f  t h e  v a s c u l a r  smooth muscle 
t e r  a  maximal c o n t r a c t i o n  wi th  55mM K C 1 .  The r a t e  of 
p o l a r i z a t i o n  i s  i n d i c a t i v e  of r e s t o r a t i o n  of  t h e  r e s t i n g  
embrane p o t e n t i a l  and  c e l l u l a r  calcium e f f l u x ,  and/or  t h e  
q u e s t r a t i o n  o f  ca lc ium i n t o  t h e  sarcoplasmic  r e t i c u l u m .  
n d o t h e l i u m - i n t a c t  and denuded a o r t i c  r i n g s  i n  t h e  t h r e e  
h y r o i d  states showed a  d i f f e r e n t i a l  r e l a x a t i o n  a f t e r  a 
ax imal  c o n t r a c t i o n  e l i c i t e d  by potassium c h l o r i d e  (E'igures 
4 a - 4 e ) .  P r e v i o u s  work examining t h e  e f f e c t s  of  t h y r o i d  s t a t e  
on KC1-induced c o n t r a c t i o n s  showed no s i g n i f i c a n t  d i f f e r e n c e s  
i n  p e r c e n t  maximal response ,  while  s i g n i f i c a n t  d i f f e r e n c e s  i n  
t e n s i o n  g e n e r a t e d  w e r e  e l i c i t e d  a t  K C 1  c o n c e n t r a t i o n s  h i g h e r  
t h a n  45mM (Hade 1 9 8 5 ) .  I n  response t o  KCI c o n c e n t r a t i o n s  
g r e a t e r  t h a n  45mM, hypothyroid r i n g s  g e n e r a t e d  s i g n i f i c a n t l y  
more t e n s i o n  w h i l e  t h e  hyper thyroid  r i n g s  g e n e r a t e d  
s i g n i f i c a n t l y  less t e n s i o n  than  t h e  c o n t r o l  (Hade 1985)  ' A 
comparable s t u d y  of  t h e  responses  of t h y r o p a t h o l o g i c  r a t  
a o r t a  t o  i n c r e a s i n g  doses  of KC1 found t h a t  a t  c o n c e n t r a t i o n s  
h i g h e r  t h a n  20mM, t h e  dose-response curve  of  t h e  hypothyroid 
t i s s u e  was s h i f t e d  t o  t h e  r i g h t  a s  compared t o  t h e  e u t h y r o i d  
t i s s u e ,  w h i l e  t h e  hyper thyro id  t i s s u e  demonstrated a 
s i g n i f i c a n t  i n h i b i t i o n  (Gunasebera and Kuriyama 1 9 9 0 ) .  The 
d a t a  shown i n  f i g u r e  4a a r e  i n  agreement w i t h  t h o s e  of F i e l d  
e t  a l .  (1973) demons t ra t ing  decreased r e l a x a t i o n  r a t e s  i n  
t h y r o i d  a n d  i n c r e a s e d  r e l a x a t i o n  r a t e s  i n  h y p o t h y r o i d  
o r t a  a f t e r  a  KCl-induced (80mt-l) c o n t r a c t i o n .  I n  a d d i t i o n  
i g n i f i c a n t  d i f f e r e n c e s  between t h e  t h r e e  t h y r o i d  s t a t e s  
i n t a c t  a n d  denuded t i s s u e s ,  s i g n i f i c a n t  d i f f e r e n c e s  i n  t h e  
s o f  r e l a x a t i o n  between the  i n t a c t  and denuded t h y r o i d  
t e s  were a l so  demons t r a t ed  ( F i g u r e s  4c, 4d, 4e) . These d a t a  
gest  t h a t  endothe l ium-dependent  mechanisms may be i n v o l v e d  
t h e  r e s t o r a t i o n  o f  t h e  r e s t i n g  membrane p o t e n t i a l  o f  t h e  
oracic a o r t a .  Ash e t  a 1 .  (1972)  found reduced b i n d i n g  of 
c i u m  t o  s k e l e t a l  s a r c o p l a s m i c  r e t i c u l u m  f ragments  i n  
y r o x i n e - t r e a t e d  ca ts .  Thyro id  hormones have a l s o  b e e n  I 
own t o  d e c r e a s e  t h e  d e n s i t y  o f  ca l c ium channe l s  i n  r a t  
a s c u l a r  t i s s u e  (Hawthorn e t  a l .  1 9 8 8 ) .  These f i n d i n g s  
g g e s t  t h a t  h y p e r t h y r o i d  a o r t i c  t i s s u e s  have a  r educed  
a p a c i t y  t o  s e q u e s t e r  c a l c i u m  i n t o  t h e  endoplasmic r e t i c u l u m ,  
t h e r e f o r e  t h i s  e f f e c t  may s u b s e r v e  d i f f e r e n c e s  between 
a l c ium-dependen t  r e s p o n s e s  i n  t h y r o p a t h o l o g i c a l  t i s s u e s .  
h e m i c a l l y  i n d u c e d  h y p e r t h y r o i d i s m  produces  e l e v a t e d  amounts 
o f  t h e  a - s u b u n i t  of t h e  Gi b i n d i n g  p r o t e i n  and t h e  & - s u b u n i t  
f o u n d  i n  a l l  G-binding p r o t e i n s  i n  a d i p o c y t e s  of r a t s  
( M i l l i g a n  e t  a l .  1987)  . The r e g u l a t i o n  o f  K+ and  Ca2+ 
c h a n n e l s  b y  G - p r o t e i n s  h a s  been documented i n  s e v e r a l  r e p o r t s  
(Brown and Birnbaumer 1988, Hofmann e t  a l .  1987 ,  R o s e n t h a l  
a n d  S c h u l t z  1 9 8 7 ) .  The r e p o l a r i z a t i o n  rate may b e  fas ter  i n  
t h e  h y p o t h y r o i d  a o r t i c  r i n g s  due t o  d e c r e a s e d  d e g r a d a t i o n  
a n d / o r  i n c r e a s e d  s y n t h e s i s  of G-protein  s u b u n i t s  which 
r e g u l a t e  K*-Ca2+ c h a n n e l s .  
An a d d i t i o n a l  f a c t o r  t o  c o n s i d e r  when a s s e s s i n g  t h e  
t r a c t i l e  p r o p e r t i e s  of v a s c u l a r  t i s s u e s  i s  t h e  a b i l i t y  of 
e e n d o t h e l i a l  cel ls  t o  modulate t e n s i o n  through t h e  r e l e a s e  
v a s o a c t i v e  s u b s t a n c e s .  I n  response  t o  v a s o t r o p i c  
b s t a n c e s  such  a s  5-HT, t h e  endothel ium may r e l e a s e  EDRF, 
CF, and  e n d o t h e l i n  t o  e x e r t  e f f e c t s  on vascu la r  smooth 
s c l e  ce l l s .  The e n d o t h e l i n  r e c e p t o r  i s  coupled t o  
spho l ipase -C  v i a  a p e r t u s s i s - i n s e n s i t i v e  G-protein (Takuwa 
a l .  1 9 9 0 ) .  The main poo l  of ca lc ium t h a t  i s  mobi l ized  by 
n d o t h e l i n  i s  a p p a r e n t l y  d e r i v e d  from t h e  a c t i v a t e d  ca2' 
i n f l u x  t h r o u g h  voltage-independent  calcium channels  (Huang, 
Hisayama, and  Takayanagi 1990) . 
Changes i n  s e r o t o n e r g i c  r e c e p t o r  number wi th in  s p e c i f i c  
b r a i n  r e g i o n s  have been observed d u r i n g  phases of  t h e  r a t  
e s t r o u s  c y c l e  (Biegon, Bercov i t z ,  and Samuel 1980) and 
d i f f e r e n t  t h y r o i d  s t a t e s  (Mason e t  a l .  1987) ,  demonst ra te  t h e  
p l a s t i c i t y  o f  5-HT r e c e p t o r s  i n  response  t o  t h e  hormonal 
m i l i e u .  I n  t h e  presence  of h igh  concen t ra t ions  of  t h y r o i d  
hormone (500pgJkg) , 5-HT2 r e c e p t o r  b ind ing  (Bmax) was 
i n c r e a s e d  i n  rat  c e r e b r a l  c o r t e x  and s t r i a t u m  (Mason e t  al. 
1 9 8 7 ) .  An i n c r e a s e  i n  t h e  Bm, of 5-HT2 r e c e p t o r  b i n d i n g  
s i tes  i n  r e s p o n s e  t o  t h y r o i d  hormone might r e f l e c t  with an  
i n c r e a s e  i n  t h e  t e n s i o n  genera ted  i n  t h e  hyper thyroid  r i n g s  
( F i g u r e  5a). Although d i r e c t  comparisons between t e n s i o n  
g e n e r a t e d  and B,, cannot  be made, I p o s i t  t h a t  changes i n  
t e n s i o n  g e n e r a t e d  may reflect changes i n  B,, and/or  KD. The 
r e s u l t s  of C o v i l l e  and Te l fo rd  (1970)  show a dec rease  i n  t h e  
i t i v i t y  of  t h y r o x i n e - t r e a t e d  guinea-pig a o r t a .  The use 
a d i f f e r e n t  e x p e r i m e n t a l  animal and t i s s u e  l o c a l i z a t i o n  
y a c c o u n t  f o r  t h e s e  observed d i f f e r e n c e s .  The s l i g h t  
crease i n  t e n s i o n  observed i n  denuded t i s s u e s  a s  compared 
t h e  i n t a c t  t i s s u e s  s u g g e s t s  t h a t  t h e  endothelium r e l e a s e s  
s u b s t a n c e  which i n d u c e s  r e l a x a t i o n  i n  t h e  v a s c u l a r  smooth 
u s c l e .  EDRF may s u b s e r v e  t h i s  e f f e c t .  The absence of EDRF 
denuded p r e p a r a t i o n s  would t h u s  r e v e a l  t h e  f u l l  5-HT- 
nduced smooth muscle c o n t r a c t i a n ,  This  e f f e c t  was e v i d e n t  
n t h e  h y p o t h y r o i d  (PTU) t i s s u e s  (Figure  5 c ) .  The i n c r e a s e d  
c o n t r a c t i o n  of t h e  denuded hypothyroid r i n g s  s u g g e s t s  an  
enhancement o f  a n  e n d o t h e l i a l - o r i g i n a t i n g  d i l a t o r y  pathway 
a n d / o r  a  i n c r e a s e  i n  smooth muscle 5-HT-mediated response .  
The former may p l a y  a g r e a t e r  r o l e  of  t h e  o v e r a l l  t e n s i o n  
g e n e r a t e d ,  s i n c e  a s i g n i f i c a n t  dec rease  was observed i n  t h e  
i n t ac t  h y p o t h y r o i d  t i s s u e  when compared ts t h e  i n t a c t  c o n t r o l  
t i s s u e .  Consequent ly ,  t h i s  s i g n i f i c a n t  dec rease  was 
a b o l i s h e d  i n  t he  absence  s f  t h e  endothelium. S c h o e f f t e r  and 
Hoyer (1990), s p e c u l a t e d  t h a t  t h e  5-HT r e c e p t o r  media t ing  
e n d s t h e l i u m - i n i t i a t e d  r e l a x a t i o n  i n  p i g  coronary  a r e e r i e s  i s  
of t h e  5-HTlD s u b t y p e .  It i s  known t h a t  t h e  5-HTlo i s  
n e g a t i v e l y  coupled t o  a d e n y l a t e  c y c l a s e  v ia  t h e  i n h i b i t o r y  
g u a n i n e  n u c l e o t  i d e  b i n d i n g  protein (GI) (Schoef f t e r  e t  a l  . 
1988) . The M-subunit of Gi-protein has been shown t o  
i n c r e a s e  5 .6  fold in chemica l ly  induced hypothyroid  
a d i p o c y t e s  (Milligan et a l .  1987)  . It i s  possible t h a t  the 
e f f i c a c y  cf 5-HT b i n d i n g  to t h e  ~-WTID IXxXptOrS is i n c r e a s e d  
in t h e  hypothyroid  s t a t e .  Thus, t h e  endothelium-intact 
hypothyroid t i s s u e  would have an enhanced relaxant response 
a s  compared t o  i n t a c t ,  con t ro l  t i s s u e s .  When the endothelium 
is removed i n  t h e  hypothyroid t i s s u e ,  t h i s  d i la tory  response 
is a b o l i s h e d ,  and a  g r e a t e r  c o n t r a c t i l e  response i s  observed. 
The p e r c e n t  maximum contract ion,  which i s  a measure of 
t i s s u e  r e s p o n s e - s e n s i t i v i t y ,  was s i g n i f i c a n t l y  greater  i n  the 
denuded h y p e r t h y r o i d  s t a t e  a s  compared t o  t h e  denuded 
c o n t r o l .  The ED50 va lues  were a l s o  s ign i f i can t ly  d i f f e ren t  
between t h e  denuded hyperthryoid and denuded control a o r t i c  
r i n g s .  T h i s  i n c r e a s e d  c o n t r a c t i l e  potency of 5-HT i n  the  
h y p e r t h y r o i d  t i s s u e  sugges ts  t h a t  removal of the endothelium 
may r e v e a l  thyropathalogy-induced s e n s i t i z a t i o n  of a  5-HT 
r e c e p t o r  subse rv ing  con t rac t ion  (i. e .  5-HT2)  . Furthermore, 
as t h i s  s e n s i t i z a t i o n  i s  observed in  t h e  absence of the  
endothel ium, it may be t h a t  t h e  5-HT receptor  involved i n  
t h i s  t h y r o p a t h o l o g i c a l  e f f e c t  i s  loca l i zed  t o  the  vascular 
smooth muscle .  The a b i l i t y  of ketanser in t o  abrogate the  
response  o f  t h e  a o r t i c  t i s s u e  i n  t h e  presence of high 
c o n c e n t r a t i o n s  of 5-HT emphasizes the  r o l e  of 5-HT2 receptors 
i n  med ia t ing  v a s c u l a r  smooth muscle contract ion.  A s  well,  
t h e  s i g n i f i c a n t  d i f f e r e n c e  i n  s e n s i t i v i t y  (percent maximum 
response  and ED50 va lues )  between i n t a c t  and denuded 
h y p e r t h y r o i d  t i s s u e s  s t rengthens t h e  concept tha t  an 
endothel ium-derived substance may be i n h i b i t i n g  contract ion 
(i. e .  5-WT-mediated r e l e a s e  of EDRF) . Taken together,  these 
d a t a  s u g g e s t  an increased  s e n s i t i v i t y  i n  thyroid hormone- 
i nduced  c o n t r i b u t i o n s  from 5-HT-mediated d i l a to ry  responses 
on t h e  endothe l ium,  and c o n t r a c t i l e  responses on the  vascu la r  
smooth musc le .  S ince  t h e  observed changes a r e  i n  s e n s i t i v i t y  
r a t h e r  t h a n  t e n s i o n  gene ra t ed ,  t h e s e  d i f fe rences  may ind ica t e  
a l t e r a t i o n s  i n  t h e  a f f i n i t y ,  o r  increased ampli f icat ion of 
s econd  messengers  subse rv ing  t h e  c o n t r a c t i l e  cascade. A 
c a n c e i v a b l e  component o f  t h i s  magnif icat ion may be mediated 
by a n  a l t e r e d  c o u p l i n g  po tency  of t h e  heterotr irneric G- 
p r o t e i n .  
A d d i t i o n a l  ev idence  conf i rming t h e  invalvernent of 5-HT 
r e c e p t o r s  i s  d e r i v e d  from t h e  d i f f e r e n t i a l  a b i l i t i e s  of t h e  
5-HT3 r e c e p t o r  a n t a g o n i s t  ICS 205-930, and the  5-HT2 recep tor  
a n t a g o n i s t  k e t a n s e r i n  t o  a t t e n u a t e  t h e  5-NT-induced response 
i n  r a t  v a s c u l a r  smooth muscle .  The i n a b i l i t y  of ICS 205-930 
t o  s i g n i f i c a n t l y  reduce t h e  response of the  cont ro l  and 
h y p o t h y r o i d  a o r t i c  r i n g s ,  i s  i n  agreement w i t h  t h e  repor ted  
a b s e n c e  o f  5-HT3 r e c e p t o r s  i n  t h i s  t i s s u e  (Jazayer i  e t  
a 1 . 1 9 8 9 ) .  I t  i s  tempt ing  t o  s p e c u l a t e  t h a t  the  s i g n i f i c a n t  
d i f f e r e n c e s  s e e n  i n  ICS 205-930-pretreated hyperthyroid 
t i s s u e s  a t  t h e  h i g h e s t  doses  of 5-HT may represent  a  
component o f  t h e  c o n t r a c t i l e  response mediated by a unique 5- 
HT r e c e p t o r .  However, it i s  more l i k e l y  t h a t  t h i s  e f f e c t  
ref lects  n o n s p e c i f i c  b ind ing  of ICS 205-930 t o  o the r  5-HT o r  
p e r h a p s  non-5-HT r e c e p t o r  s i tes .  The nonsignif icant  
d i f f e r e n c e s  i n  the  s e n s i t i v i t i e s  of t h e  ICS 205-930-treated 
c o n t r o l  a n d  t h y r o p a t h o l o g i c  t i s s u e s  may ind ica t e  t h e  apparent  
l a c k  of 5-HT3 r e c e p t o r s  and/or  l i gand  s p e c i f i c i t y  i n  t h e s e  
t i s s u e s  r ega rd l e s s  of thyraid s t a t e .  Further s t u d i e s  a r e  
r equ i red  t o  more c l e a r l y  de f ine  these p o s s i b i l i t i e s .  
CONCLUSIONS 
The e f f e c t s  of thyropathology on vascular t i s sues  arc 
complex. Th i s  t h e s i s  i n v e s t i g a t e d  t h e  response of r a t  aol 
vascu la r  smooth muscle t o  5-HT i n  a l t e r e d  thyroid s t a t e s .  
Severa l  mechanisms may be responsible  f o r  the  thyropatholc 
induced a l t e r a t i o n s  of 5-HT-evoked c o n t r a c t i l e  responses. 
These i n c l u d e  p u t a t i v e  a l t e r a t i o n s  i n  t h e  a v a i l a b i l i t y  of 
endogenous 5-HT, t h e  l e v e l  and/or s e n s i t i v i t y  of functione 
5-HT r e c e p t o r s ,  t h e  composition of t h e  s igna l  transduct ior 
network, and t h e  response capaci ty  of t h e  endpoint substre 
of s i g n a l  t r a n s d u c t i o n .  Af 1 of t h e  aforementioned factors 
may be invo lved  t o  vary ing  degrees i n  t h e  d i f f e r e n t i a l  
c o n t r a c t i l e  p r o p e r t i e s  of t h e  thyropathofogic r a t  thoracic 
a o r t a ,  S p e c i f i c a l l y ,  t h i s  thesis supports previous resear 
t h a t  5-HT med ia tes  t h e  r e l e a s e  of a vasodi latory substance 
EDRF, from t h e  endothel ium. Furthermore, the  increased 
c o n t r a c t i o n  s e e n  i n  denuded hypothyroid r ings suggests the 
enhancement of  an  endo the l i a f  -or ig ina t  ing d i l a t o r y  pathway 
and/or  a i n c r e a s e  i n  t h e  smooth muscle 5-HT-mediated 
response .  The i n c r e a s e d  c o n t r a c t i l e  potency of 5-HT i n  t h  
hyper thyro id  r i n g s  sugges ts  t h a t  removal of the endotheliu 
may r e v e a l  thyropathology-induced s e n s i t i z a t i o n  of a 5-HT2 
r e c e p t o r  t y p e  l o c a l i z e d  t o  t h e  vascular  smooth muscle. A 
s i g n i f i c a n t  d i f f e r e n c e  i n  s e n s i t i v i t y  between the  i n t a c t  a 
denuded h y p e r t h y r o i d  t i s s u e  suggests t h e  a c t i v i t y  of an 
endotheliurn-derived substance which i n h i b i t s  contract ion 
( i - e .  5-HT-mediated r e l e a s e  of E D R F ) .  The ~ - H T ~  antagonist 
ICS 205-930 d i d  n o t  s i g n i f i c a n t l y  e f f e c t  t h e  responses  of t h e  
c o n t r o l  a n d  h y p o t h y r o i d  t i s s u e s ,  A t  t h e  h i g h e s t  doses of 5- 
HTr I C S  205-930-pre t rea ted  hyper thyro id  t i s s u e s  genera ted  
s i g n i f i c a n t l y  less t e n s i o n  than  t h e  i n t a c t  hyper thyroid  
t i s s u e s .  I n  t h e  abscence  of 5-HT3 r e c e p t o r s  i n  r a t  t h o r a c i c  
a o r t a ,  t h e  a t t e n u a t i o n  by ICS 205-930 l i k e l y  r e f l e c t s  
n o n s p e c i f i c  i n t e r a c t i o n s  of t h i s  l i g a n d  wi th  o t h e r  
s u b s t r a t e s ,  a s  demonst ra ted  by t h e  n o n s i g n i f i c a n t  d i f f e r e n c e s  
i n  t h e  s e n s i t i v i t i e s  of t h e  ICS 205-930-treated c o n t r o l  and  
t h y r o p a t h o l o g i c  t i s s u e s .  
The c h a r a c t e r i z a t i o n  of  5-HT r e c e p t o r  responses  on t h e  
v a s c u l a r  a o r t i c  smooth muscle and e n d o t h e l i a l  t i s s u e  i n  
a l t e r e d  t h y r o i d  s t a t e i s  i s  c r u c i a l  t o  t h e  unders tanding of t h e  
profound e f f e c t s  media ted  b y  an excess  and d e f i c i e n c y  of 
t h y r o x i n e .  The h e t e r o g e n e i t y ,  l o c a t i o n ,  and c e l l u l a r  
r e s p o n s e s  evoked by  t h e  5-HT r e c e p t o r  t y p e s  i n  response to 5- 
HT in e u t h y r o i d  and  t h y r o p a t h o l o g i c a l  v a s c u l a r  smooth muscle 
emphasize t h e  impor tance  of f u r t h e r  s t u d i e s  of t h e  
pharmaco log ica l  and p h y s i o l o g i c a l  p r o p e r t i e s  of this system. 
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